Although rare, spinal haematoma and abscess after central neuraxial blocks may cause severe permanent neurological injury. Optimal treatment and outcome remain unclear. In order to identify possible predisposing patient characteristics and describe the ensuing clinical course, we searched Medline, Embase, and the Cochrane Library for reports of spinal haematomas and abscesses associated with central neuraxial blocks. Extracted data included patient characteristics, symptoms, treatment, and outcome. We analysed 409 reports, including 647 patients (387 patients with spinal haematoma and 260 patients with spinal abscess). Spinal haematoma and abscess occurred predominantly after epidural anaesthesia (58% and 83%, respectively). Neurological recovery was correlated with the severity of initial neurological deficit. When decompression of spinal haematoma was delayed for >12 h after clinical diagnosis, neurological outcome was worse compared with earlier decompression (odds ratio 4.5, 95% confidence interval 2.1e9.9, P<0.001, n¼163). After spinal haematoma, 47% of published patients had full recovery, 28% had partial recovery, and in 25% no recovery was observed. Good outcome after conservative management was observed in patients with mild symptoms or with spontaneous recovery during the diagnostic and therapeutic workup. After spinal abscess, 68% of reported patients recovered fully, 21% showed partial recovery, and no recovery was reported in 11%. Persistent neurological symptoms after spinal haematoma and abscess are common and correlate with the severity of initial neurological deficit. Neurological outcome seems worse when decompressive surgery of haematoma is delayed. Notwithstanding the considerable risk of selection bias and publication bias, conservative management may be feasible in patients with mild symptoms or spontaneous recovery.
Editor's key points
The authors reviewed reports of spinal haematoma and abscess after neuraxial block. A total of 647 instances of spinal haematoma or abscess were described. They found a clear association between the adversity of outcome and the severity of the initial presentation, and the delay in surgical decompression. Epidural anaesthesia (compared with spinal anaesthesia) was associated with a greater incidence of haematoma, and a much greater incidence of abscess.
The incidence of major complications after neuraxial anaesthesia, such as spinal haematoma or abscess, is more common than estimated in past decades. In 1998, the rate of serious adverse events after epidural anaesthesia was estimated at 1:150 000. 1 In the meantime, indications for epidural anaesthesia have changed, patient characteristics have shifted, 2 and awareness has grown. 3 Nowadays, it is accepted that the incidence of major complications of central neuraxial anaesthesia in non-obstetric patients may range from 1:6000 to as high as 1:1000 epidural procedures. 4e9 A retrospective case note review across six years, identified three cases of spinal haematoma and six cases of spinal abscess in 8100 perioperative epidural procedures. 9 The incidence of major complications of central neuraxial blocks (CNB) is much lower in obstetric patients, with spinal haematoma estimated at 1:154 730 and spinal abscess too rare to calculate in one major study. 4 Not only is the incidence of severe complications of importance, but also ultimate patient outcome. In the UK, the Third National Audit Project of the Royal College of Anaesthetists found that permanent injury after CNB caused by spinal haematoma or abscess, but also by meningitis, nerve injury, spinal cord ischaemia, fatal cardiovascular collapse or wrong-route errors, was 1:23 810 cases (4.2 per 100 000), and the incidence of the two worst possible complications, paraplegia or death, was 1:55 556 cases (1.8 per 100 000). 3 As a result of the rare occurrence of these severe complications, accurate data on risk factors and clinical course are not available and, consequently, there is no evidence on which to base recommendations for management strategies. 10 Three large literature reviews were previously reported, focusing on spinal haematomas or abscesses with diverse pathophysiological origin, including mainly non-iatrogenic spontaneous, idiopathic, traumatic, or tumorous spinal haematomas or abscesses, but also including complications of iatrogenic origin, i.e. after CNB. 11e13 As these reviews comprise haematomas and abscesses with different underlying pathology, the results are not directly applicable to the anaesthetic setting. A small review, specifically reporting spinal haematomas related to epidural anaesthesia (51 cases), was published in 1996, 14 but major changes in clinical practice have occurred since then. The aim of this review was to collect all cases reported in the literature concerning spinal haematomas or abscesses after CNB, in order to identify possible predisposing patient characteristics and describe the ensuing clinical course. Realising the limitations of interpreting case report series, we aimed to gain insight under which circumstances complications would be most likely to occur, whether particular clinical factors might predict persistent neurological damage, and whether indication or timing of neurosurgical management was correlated with outcome.
Methods
For this review we followed the Preferred Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines. 15 
Search strategy
An information specialist performed a systematic search in OVID MEDLINE, OVID EMBASE and Central (the Cochrane Central Register of Controlled Trials) from inception to August 24, 2017 to identify relevant studies. The search consisted of controlled vocabulary (i.e. MeSH in MEDLINE) and free text words for central neuraxial blocks and epidural/ spinal haematomas and abscesses. Animal studies were safely excluded by double negation (not exp animals/not humans/). No further language, date, or other restrictions were imposed. For entire MEDLINE search strategy see Appendix Table A1 . We cross-checked the reference lists and the cited articles of the identified relevant papers for additional references. The bibliographic records retrieved were imported and de-duplicated in EndNote X7.5 (Thomson Reuters, USA).
Article selection
Titles, abstracts, and subsequently, full texts were independently screened for reports concerning haematomas and abscesses associated with CNB by two authors (E.B. and J.H. or P.L.). Inclusion criteria for eligibility were spinal haematoma or abscess after CNB in humans. We defined spinal haematoma or abscess as any epidural, subdural, or subarachnoid haematoma or abscess below the level of C0. CNBs were classified as continuous epidural anaesthesia, spinal anaesthesia, combined spinaleepidurals (CSE), epidural injection, spinal catheters, spinal cord stimulators, caudal block, and facet joint block. Facet joint block is usually not referred to as CNB; however, if facet block resulted in spinal complications, it was included. Case reports, case series, prospective and retrospective cohort studies, systematic reviews and literature reviews (if containing original data) in English, Dutch, French, or German were included. When articles in other languages were encountered but an English abstract was found, we restricted data extraction to the abstract. We confirmed that no overlap was present between cases described in reviews or cohort studies and case reports. Cases where causality of the haematoma to CNB was uncertain were included; however, cases were excluded if the haematoma could clearly be explained by underlying disease. Regarding abscesses, all cases with CNB before the development of a spinal abscess were included; also cases where causality of the complication to CNB was uncertain or when abscess could be explained by underlying disease.
Data extraction
Three independent reviewers (E.B., J.H., and P.L.) extracted information from the selected articles. When available, extracted data included age, sex, body mass index, ASA physical status, 17 coagulation status, indication for CNB, type of CNB, report of complicated puncture, timeline from CNB to complication, moment of first symptoms (rounded to full hours), presenting symptoms, type of treatment, timing of evacuation of haematoma or abscess (rounded to full hours), and neurological recovery. For patients reported to have spinal abscess, additional data were extracteddwhenever possibled on fever, leucocytosis, C-reactive protein concentrations and presence of concomitant meningitis. For complete information on extracted data see Appendix Table A2 .
To evaluate neurological recovery, clinical symptoms before treatment decision were scored, based on symptoms described in the reported cases. Globally, all patients were scored for the presence of pain, and sensory and motor deficit. Pain was determined as back pain or radicular pain. The extent of neurological deficit, as defined by the American Spinal Injury Association Impairment Scale, 18 was further classified as follows:
Grade A, complete neurological injury: no motor or sensory function, even in the lowest sacral segment (S4-5); Grade B, incomplete neurological injury: no motor function below neurological level but with sensory function below neurological level and in S4-5; Grade C, incomplete neurological injury: motor function preserved below neurological level and more than half of the key muscle groups have a muscle grade <3 (antigravity strength); Grade D, incomplete neurological injury: preserved functional motor function below neurological level and at least half of the key muscle groups have a muscle grade !3 Grade E, normal motor and sensory function below the level of the lesion, abnormal reflexes may persist.
Regarding type of treatment, a distinction was made between neurosurgical decompression, conservative management and percutaneous drainage. Neurosurgical decompression consisted of laminectomy or other neurosurgical treatment for decompression of spinal complications. If neurosurgical evacuation was performed, we classified timing of surgery as: intervention within 6 h, intervention between 7 and 12 h, and intervention >12 h after symptom onset. Conservative management was described to comprise treatment with analgesics, corticosteroids (i.e. dexamethasone), antibiotics, physiotherapy, rehabilitation, or no treatment at all.
Neurological recovery after treatment was scored as: 'full recovery', 'delayed but full recovery' (full recovery after more than 1 month from symptom onset), 'partial recovery' (improvement of symptoms, but persistent neurological deficit or pain present after treatment), and 'no objectified recovery after treatment'.
Statistical analysis
SPSS 24 (Chicago, IL, USA) was used for data management and statistical analyses. Normally distributed continuous variables are presented as mean (SD) and were compared using independent samples t-tests, whereas non-normally distributed variables are presented as medians (interquartile range) and compared using ManneWhitney U-tests. Categorical variables are presented as n (%) and were compared using Pearson c 2 tests, Fisher exact test, or FishereFreemaneHalton exact test.
Patients treated with neurosurgical intervention were compared with conservative management regarding outcome, and a distinction was made between the three different time intervals of intervention. A subgroup of patients with neurological deficit before treatment was analysed (with either sensory deficit or motor deficit), to truly reflect the degree of neurological recovery after treatment.
The association of patient characteristics, CNB characteristics and symptomatology with neurological recovery after treatment was assessed using logistic regression. We dichotomized neurological recovery as 'full recovery' (immediate and delayed full recovery) or 'persistent neurological deficit' (partial or no recovery) and treated it as binary variable in the analyses. Again, only patients with neurological deficit before treatment were included in the logistic regression analyses. Univariate regression models were generated in original data and multivariate regression models were generated in multiple imputed data to account for missing values. In the univariate regression model all factors significantly associated with persistent neurological deficit were determined. These factors were then entered as covariates into a multivariate regression model. Regarding multivariate regression analysis, 'management type' (conservative management or neurosurgical decompression) and 'timing of intervention' were entered individually into the model as all patients with data for 'timing of intervention' were managed with neurosurgical decompression. Results are presented as odds ratios [OR, 95% confidence intervals (CI)] in the univariate model and as adjusted odds ratios (aOR, 95% CI) in the multivariate model. A twosided P-value of 0.05 was considered statistically significant.
Results
Of the 3291 retrieved publications, we selected 575 records for assessment of eligibility, after which we included 409 records in this review. Spinal haematoma after CNB was reported in 387 patients (280 articles); four patients suffered from a combination of spinal and intracranial haematoma after CNB. 19e22 Spinal abscess, was reported in 260 patients (139 articles, of which 129 unique articles, as 10 articles described both haematoma and abscess); one patient suffered from both spinal and intracranial abscesses. 23 Data collection and selection of articles are described in Figure 1 . Articles concerning patients with spinal haematoma included 38 case series/cohort studies reporting 145 patients and 242 patients in single case reports.
Patients with spinal abscess were reported in 36 case series/ cohort studies including 157 patients and 103 single case reports. Median number of patients per article was two (2e46 patients). Characteristics of patients with spinal haematoma and abscess are described in Table 1 .
Quality assessment
The risk of bias in the included studies was serious. Many variables of the checklist 16 were scored as negative or unclear.
Information on quality of each of the case series or cohort studies is shown in Appendix Table A3 . Among the 64 studies (28 articles reporting solely patients with spinal haematoma, 26 articles reporting solely patients with spinal abscess and 10 articles reporting both spinal haematoma and abscess), only three studies scored positive on all 11 required items of the checklist and another six studies scored positive on 10 items.
Clinical presentation

Spinal haematoma
Complete details on clinical presentation regarding pain, sensory and motor symptoms were present for 229 patients; the typical triad of pain, sensory and motor deficit, was present in 105 (46%) patients, overall clinical presentation was variable ( Fig. 2) . Pain as the sole isolated symptom, thus without neurological symptoms, was present in 23 (10%) patients.
Spinal abscess
Complete details on clinical presentation were present for 107 patients; a triad of pain, sensory and motor deficit was reported in 36 (34%) patients (Fig. 2) . Pain as the sole isolated symptom, was present in 43 (40%) patients. At the time of diagnosis, fever was present in 104 (74%) patients and described to be absent in 36 (26%) patients, while data on the presence or absence of fever were missing in 120 patients. The presence or absence of meningitis was explicitly reported in 15 patients; 14 patients had concomitant spinal abscess and meningitis and in one patient meningitis was absent; however, in the remaining patients, details were missing. Blood biomarkers for infection were only reported in few reports; mean leucocyte count was 15.7 Â 10 9 litre À1 (5.4, n¼30)
and C-reactive protein was 37.0 mg litre
The clinical presentation of patients with spinal haematoma and spinal abscess is described in Table 1 and Figure 2 . Overall, patients with spinal abscess presented with milder symptomatology compared with patients with spinal haematoma.
Development of symptoms
Spinal haematoma
The first symptoms suggestive of haematoma after epidural anaesthesia occurred in 11 (7%) patients during puncture, in 56 (36%) patients during treatment with an indwelling epidural catheter, and in 87 (56%) patients after epidural catheter removal (time point was missing in 61 patients treated with epidural anaesthesia). In patients treated with CSE, two (10%) patients developed first symptoms immediately after puncture, nine (45%) patients during treatment and nine (45%) patients after catheter removal (missing time point in 12 patients), and in patients treated with spinal catheter, one (17%) patient developed first symptoms directly after puncture, two (33%) patients during treatment, and three (50%) patients after catheter removal (missing time point in three patients). Median time to first symptoms was 24 h (5e48, n¼264) after the predisposing event (i.e. central neuraxial procedure or removal of catheter). Median duration of symptom progression was 12 h (5e48, n¼78) and on average, neurosurgical decompression of the spinal haematoma after symptom onset was performed after 13 h (6e30, n¼178). Patients with spinal haematoma had been treated with an indwelling catheter for a median duration of 48 h (11e72, n¼124). 
Continued
Spinal abscess
The first symptoms suggestive of an abscess occurred in 50 (43%) patients during treatment with an indwelling epidural catheter and in 65 (57%) patients after epidural catheter removal (time point was missing in 90 patients treated with epidural anaesthesia). In patients treated with CSE, one (14%) patient developed first symptoms during treatment and six (87%) patients after catheter removal (missing time point in one patient), and in patients treated with spinal catheter, three (100%) patients developed first symptoms during treatment (missing time point in three patients). The first symptoms suggestive for an abscess occurred 168 h (96e384, n¼129) after the predisposing event (i.e. central neuraxial procedure). Median duration of symptom progression was 72 h (24e144, n¼43) and neurosurgical decompression of the abscess after symptom onset was performed after 96 h (28e168, n¼71). Patients with spinal abscess had been treated with an indwelling catheter for a median duration of 96 h (72e192, n¼117). In the chronic pain population, the median duration of treatment was 180 h (72e696, n¼28) vs 85 h (48e144, n¼78) in the other patient categories (P¼0.001).
The development of first symptoms, symptom progression, spinal decompression, and removal of the catheter were significantly accelerated in patients with spinal haematoma compared with patients with spinal abscess after CNB (all P<0.001).
Neurological recovery
Spinal haematoma
Treatment resulted in full recovery in 149 (47%), partial recovery in 89 (28%) and no recovery in 80 (25%) patients.
When focussing on patients with neurological deficit before treatment, conservative treatment was performed in 67 patients. In 37 of these patients, conservative treatment was explicitly chosen or the reason for conservative treatment was not documented, in five patients conservative treatment was chosen because of a poor patient condition, and three patients refused surgery. In the remaining 22 patients, surgical decompression of the spinal haematoma was intended, or neurosurgical consultation was sought; however, as a result of spontaneous recovery a decision was made (often by the attending neurosurgeon) to defer surgery and follow a conservative approach. Excluding these patients with spontaneous recovery from consideration, the reports described full recovery in 25 (56%) patients and persistent neurological deficit in 20 (44%) patients after conservative treatment (n¼45).
Neurosurgical decompression was selected for 202 patients with neurological deficit before treatment. The timing of neurosurgical decompression after symptom onset and the respective neurological outcome was reported in 163 patients; intervention within 6 h was performed in 48 (30%) patients, intervention from 7 to 12 h in 33 (20%) patients, and 82 (50%) patients were treated after >12 h. See Figure 3a for neurological outcome in patients treated with conservative management and neurosurgical intervention. Intervention after >12 h from symptom onset resulted in worse neurological outcome compared with conservative management and intervention within the first 12 h (Fig. 3a) . However, patients treated with conservative management had milder neurological symptoms before treatment than patients treated with neurosurgical intervention (Fig. 3b) . Focussing on patients with pain as the sole isolated symptom, complete resolution of symptoms occurred over time in 21 out of 23 (91%) reports, while two patient reported persistent pain complaints at 6 months 24 and 9 months 25 of follow-up. Five (22%) of 23 patients had been treated with neurosurgical decompression, while the remaining patients had been treated conservatively. Both patients who reported pain after treatment had been treated conservatively.
Spinal abscess
Full recovery was seen in 129 (68%) patients, 40 (21%) had partial recovery, and 21 (11%) had persistent complaints. (A) Neurological recovery in patients with spinal haematoma managed with conservative treatment, neurosurgical decompression within 6 h, decompression after 7e12 h and decompression after >12 h from symptom onset (n). Neurological recovery was significantly better in patients treated with conservative treatment (P<0.001), surgery within 6 h (P<0.001), and surgery at 7e12 h (P¼0.007) compared with patients treated with surgery after >12 h. No differences in outcome were present between patients managed with conservative treatment compared with neurosurgical evacuation within 6 h after symptom onset (P¼0.893), and compared to surgery at 7e12 h (P¼0.378). Also, no difference in outcome was present between intervention within 6 h and intervention at 7e12 h (P¼0.645). (B) ASIA impairment scale before treatment in patients with spinal haematoma managed with conservative treatment, neurosurgical decompression within 6 h, decompression after 7e12 h and decompression after >12 h from symptom onset (n). ASIA impairment scale was significantly better in patients treated with conservative treatment compared with patients treated with surgery within 6 h (P¼0.036), compared with patients treated with surgery within 7e12 h (P¼0.007), and patients treated with surgery after >12 h (P¼0.024). Details on ASIA impairment scale before treatment were missing in 13/45 patients treated with conservative management (patients with spontaneous recovery excluded) and in 55/163 patients treated with neurosurgical decompression and a reported neurological outcome.
Conservative treatment was performed in seven patients with neurological deficit before treatment. Conservative treatment was explicitly chosen in four patients, was chosen because of a poor patient condition in one patient, one patient refused surgery, and spinal surgery was considered in one patient, however, as a result of spontaneous recovery, surgery was deferred, and a conservative approach was followed. Conservative treatment resulted in full recovery in six of seven patients with neurological deficit before treatment. Neurosurgical decompression was selected in 84 patients with neurological deficit before treatment and one patient was treated with percutaneous drainage. Neurological recovery was not related to the timing of neurosurgical decompression after symptom onset (P¼0.361, n¼57). No differences were seen in the severity of neurological symptoms before treatment between patients treated with conservative management and with neurosurgical intervention (P¼0.245, n¼44) .
Forty-three (40%) patients presented with pain as the sole isolated symptom; data on neurological recovery were missing in six patients with this clinical presentation, 36 of the remaining 37 patients had full recovery, and one patient 23 had persistent pain after treatment of the spinal abscess. Seventeen of 43 (40%) patients were treated with neurosurgical decompression, three (7%) were treated with percutaneous drainage, and 23 (53%) were treated conservatively. Neurological recovery in patients with spinal haematoma and abscess is described in Table 1 .
Univariate regression
Spinal haematoma
Older age, higher ASA physical status, a bloody tap during puncture, and severe neurological deficit before treatment were associated with persistent neurological deficit. Specifically, neurosurgical decompression was associated with persistent neurological deficit after treatment compared with conservative management (OR 3.9, 95% CI 2.2e7.0, P<0.001, n¼262), also when patients with spontaneous recovery were excluded (OR 2.4, 95% CI 1.2e4.6, P¼0.010, n¼240). However, as mentioned above, patients who underwent surgery had, on average, worse clinical symptoms than those treated conservatively. In the published patients treated with neurosurgical decompression, neurological outcome was similar in patients treated within 6 h, and between 7 and 12 h. Intervention after >12 h from symptom onset was associated with worse neurological outcome compared with intervention within 6 h (OR 4.5, 95% CI 2.1e9.9, P<0.001, n¼163). Factors contributing to persistent neurological deficit after treatment in patients with spinal haematoma are listed in Figure 4 .
Spinal abscess
Age, sex, and severe motor deficit before treatment were associated with persistent neurological deficit [age 40e64 yr (reference: 0e39 yr): OR 10.4, 95% CI 3.0e36.4, P<0.001, n¼83, male (reference: female): OR 3.0, 95% CI 1.2e7.3, P¼0.016, n¼86, severe motor deficit (reference: no/mild deficit): OR 3.9, 95 % CI 1.2e12.4, P¼0.021, n¼87]. Furthermore, neurological recovery was favourable in seven patients treated conservatively compared with surgically treated patients (neurosurgical evacuation: OR 9.5, 95% CI 1.1e82.6, P¼0.042, n¼88). However, a wide confidence interval, as is consistent with a small number of patients treated conservatively, is present. When we excluded the patient with spontaneous recovery, neurological outcome was similar between management strategies (neurosurgical evacuation: OR 7.9, 95% CI 0.9e70.9, P¼0.065, n¼87; six patients treated conservatively). We found no association between neurological outcome and timing of neurosurgical intervention (timing of neurosurgical decompression >12 h from symptom onset: OR 0.3, 95% CI 0.0e3.2, P¼0.336, n¼57). 
Multivariate regression
Spinal haematoma
Factors individually associated with persistent neurological deficit after treatment were a higher ASA physical status, bloody tap during puncture, sensory deficit, and management strategy. In detail, in the reports on spinal haematoma, neurosurgical decompression, when corrected for age, ASA physical status, bloody tap, and degree of sensory and motor deficit, was associated with persistent neurological deficit after treatment (aOR 3.5, 95% CI 1.9e6.4, P<0.001) compared with conservative management, as is consistent with the univariate analysis. However, when patients with spontaneous recovery were excluded from analysis, neurological outcome was similar between management strategies (neurosurgical decompression: aOR 1.9, 95% CI 0.9e4.0, P¼0.110). Intervention after >12 h after symptom onset was associated with worse neurological outcome compared with intervention within 6 h when corrected for the above-mentioned contributing factors (aOR 3.1, 95% CI 1.2e7.4, P¼0.014). When summarising published reports, neurological outcome was similar in patients treated within 6 h, and between 7 and 12 h.
Factors individually associated with persistent neurological deficit after treatment in patients with spinal haematoma are listed in Figure 5 .
Spinal abscess
Severe motor deficit before treatment was individually associated with persistent neurological deficit after treatment, when corrected for sex and age (aOR 3.9, 95% CI 1.3e11.1, P¼0.012). Sex and age were not individually associated with neurological outcome when corrected for age, sex, and degree of motor deficit.
Discussion
We analysed all available case reports and case report series of spinal haematomas and abscesses after CNB. We identified 387 cases of spinal haematoma and 260 cases of spinal abscess.
Our main findings are that the clinical course and pathophysiology for spinal haematoma and abscess after CNB are distinct. Spinal haematomas are most likely to occur in older patients after epidural anaesthesia, and most often first symptoms appeared after catheter removal. Patients with higher ASA physical status, a 'bloody tap' during puncture, and with sensory deficit before treatment, appear to be most at risk for persistent neurological deficit. Furthermore, in patients with mild neurological symptoms, favourable neurological outcome was reported more often after conservative treatment than after surgical decompression. Patients with milder symptomatology are both more likely to recover fully, and more likely to be treated conservatively. 26 Furthermore, some patients had spontaneous recovery, that is, during the diagnostic process or while waiting for decompressive surgery. Consequently, after correcting for the severity of neurological deficit by the time of diagnosis and when excluding patients with spontaneous recovery, neurological outcome was similar in reports using each of the two different treatment strategies. Besides the type of management, also the time interval from symptom onset to intervention was associated with outcome. First, in the analysed cases we could find no difference in outcome between patients treated within 6 h and 7e12 h after first symptoms, and secondly, our analysis indicated that neurological outcome was favourable in patients treated within the first 12 h from symptoms onset compared with delayed intervention (after >12 h). We would like to emphasize that these findings should not be taken as a treatment recommendation, as we are aware that we cannot explicitly determine the most appropriate timing of surgery based on the results and quality of the data. Close monitoring, with frequent neurological examinations, is of utmost importance to select patients suitable for conservative treatment, and those patients in whom surgery should be performed to prevent a potential worsening of symptoms. On average, delay to neurosurgical treatment was surprisingly long.
Spinal abscess occurred mainly after treatment with continuous epidural anaesthesia, and again, first symptoms often became apparent after removal of a spinal or epidural catheter. Overall, the reported symptomatology was milder and neurological outcome was better in patients with spinal abscess than in patients with spinal haematoma, which is probably because of the more rapid progression of symptoms in haematoma. Moreover, the severity to which the neurological deficit had progressed by the time of diagnosis was a strong predictor of outcome in spinal complications associated with CNB. Together with the data suggesting that neurosurgical treatment of spinal haematoma is often delayed substantially, this finding can be taken to re-emphasize the importance of education of patients and non-anaesthesia personnel to recognize and report potential symptoms that may indicate the development of a spinal haematoma or abscess.
Treatment considerations
The majority of patients with spinal haematoma and spinal abscess were surgically managed, which is congruent with the literature. 12 Furthermore, critical factors for recovery are the extent of preoperative neurological deficit and the operative interval, as is reported by other authors. 11 Although we are aware that we cannot advocate certain treatment strategies based on the results of this research, a possibility for conservative treatment seems to be present in certain patients. Other authors have previously stated that surgical decompression is the treatment of choice for progressive neurological deficits, but an initial conservative approach for patients with minimal neurological manifestations can be defended, for example in idiopathic, spontaneous and traumatic spinal haematomas.
26e31
An extensive study of spinal haematomas described in literature between 1826 and 1996 by Kreppel, 11 reported only few patients (6%) treated with conservative management. This is much less than the proportion of patients treated conservatively in our analysis. It is conceivable that there has been a shift towards conservative management especially in patients without or with mild neurological symptoms. Concerning patients with severe neurological symptoms, no recommendations on treatment strategy can be made as only a minority of patients with severe neurological injury were treated with conservative treatment in our analysis.
Pathophysiology
Spinal haematoma
Spinal haematoma is caused by injury to posterior spinal and epidural veins, or even arteries, which can occur during puncture, during drug administration or after catheter removal. It has been suggested that catheter placement may lead to a small haematoma and blood clot that is dislodged during catheter removal, which may explain at least some instances of (re) bleeding. 32 Of note, the volume of the haematoma is not the only factor that determines the degree of neurological deficit. Retrospective series of patients after spinal surgery identified asymptomatic spinal haematoma in 33% of patients using magnetic resonance investigations. A substantial disparity was present between a large incidence of haematoma formation and a small rate of symptom development. 33 The location and, moreover, the degree of thecal sac compression correlates with the degree of neurological symptoms. Therefore, depending on the local diameter of the spinal canal, even a small haematoma volume can result in substantial compression of the spinal cord causing severe symptoms. 34 Of interest is that epidural blood patches, in order to treat post-spinal puncture headache, are frequently performed by anaesthetists without a specific fear for thecal sac compression and consequent neurological deficits, even though the volume of autologous blood that is administered in the epidural space, can often be up to 30 ml, and even volumes >50 ml have been reported. 35 However, it should be noted that these injections are performed under continuous monitoring of patient symptoms.
Spinal abscess
The pathophysiology of spinal abscesses is grounded on infection of the epidural, subdural, or subarachnoid space. Infection can occur at the time of CNB, through contamination of the skin site, through subsequent spread along a spinal or epidural catheter, by haematological spread, or by intraluminal contamination via a contaminated syringe or local anaesthetic solution. 7 It has also been suggested that an abscess can occur as a result of infection of a haematoma. 36 Bacterial colonization of the skin insertion site increases significantly after 48 h and the risk of superficial infection increases with the duration of catheterization. 37 In keeping with the underlying diagnosis, a longer duration of catheterization was seen in chronic pain patients than in postoperative or postdelivery patients. 38 In the present review, a considerable proportion [66 (33%) patients] of the reported abscesses occurred in the chronic pain population.
Clinical course
In our analysis, many patients developed symptoms of spinal haematoma or abscess after removal of a spinal or epidural catheter, after spinal anaesthesia or after failed regional techniques. With respect to routine follow-up after CNB, it is of note that symptoms typically occur when patients are no longer followed-up by the anaesthetist. Also, patients with a failed technique are usually not included in follow-up rounds. Moreover, patients with spinal complications after CNB are seldom monitored on a ward with neurological or neurosurgical expertise, resulting in delayed recognition of symptoms, imaging and evacuation.
Future reporting and registration
During data collection for this review we noted that many reports described widely diverse aspects of the clinical course of spinal haematoma and abscess. Apparently, no consensus exists on the most important aspects of these severe complications. The irregular patterns in the reporting of complications hamper thorough analysis, which could lead to underestimation of risk factors. Uniform registries are needed to reduce the risk of publication bias, to allow for a more accurate identification of relevant risk factors for serious complications after CNB, and to formulate treatment recommendations. We refer in particular to the effort by Christie and McCabe who registered sequelae of epidural anaesthesia over a period of six years and recorded detailed patient characteristics and procedure-related data. 9 We suggest that registration of complications after CNB and the reporting of cases should be compliant with a predefined format. This will allow collection of complete data, more accurate estimates of incidence rates, prognostic factors, response to therapy and assist in quality improvement efforts.
We would like to encourage other authors to use a format as is described in this review when reporting rare complications of CNB such as spinal haematomas or abscesses (see Appendix  Table A2 ).
Limitations
The quality of the included studies was low with high risk of publication bias, selection bias and underreporting of complications. For example, specific outcomes after selected treatments could be less or more likely to be reported than others, such as favourable recovery after conservative treatment vs devastating paraplegia. Also, we report the aggregated time point at which symptoms occurred after the previous event most likely to blame for the complication; puncture, during treatment or after catheter removal. However, because of the nature of the case reports, we cannot exclude that other factors may have precipitated or contributed to bleeding as well. Nevertheless, we would like to emphasize that symptoms of spinal haematoma frequently occur after catheter removal, at a time point when anaesthetists usually do not follow the patient on a routine basis. The retrospective character and selective reporting of case reports and case series has resulted in other limitations; some cohort studies or reviews reported multiple cases, but details were not available for each separate case and led to missing data. Although we attempted to correct for missing data by using multiple imputation, lack of detail in the reports was a major limitation. While acknowledging these caveats, we feel that the present analyses of aggregated reported cases can improve our understanding of these rare severe complications of CNB.
Conclusions
The severity to which the neurological deficit has progressed by the time of diagnosis is a strong predictor of outcome in spinal complications associated with CNB. Neurological deficit at the time of diagnosis is present in the absolute majority of patients with spinal haematoma, but individual presentation is highly variable and the classic triad of pain, sensory and motor deficit was present in just under half of patients. In our collective analysis of reported cases, with all inherent risks of bias, persistent neurological deficit was more likely when surgery was delayed. A less obvious 'new' insight is that in selected casesdthose without or with mild neurological symptoms or those who show spontaneous recovery during the diagnostic processdone might consider a strategy of conservative management combined with frequent monitoring of neurological function.
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